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Abstract. The aim of the present study was to investigate the 
molecular mechanism, including the potential regulatory and 
signaling pathways, of platelet-derived growth factor receptor β 
(PDGFRB), which underlies the recurrence of early gastric 
cancer (EGC) following endoscopic submucosal dissection 
(ESD). Online microRNA (miRNA) target prediction tools 
were used, which identified PDGFRB as the candidate target 
gene of miR-499a in gastric cancer cells, and PFGRBR was 
then confirmed as the direct gene using a luciferase reporter 
assay system. The Kaplan-Meier method was used to plot recur-
rence-free curves, which were compared between genotype 
groups. A negative regulatory association between miR-499a 
and PDGFRB was established by investigating the relative 
luciferase activity at different concentrations of miR-499a 
mimics. Furthermore, as the rs3746444 polymorphism has 
been previously reported to interfere with the expression of 
miR-499a, the present study investigated the expression levels 
of different genotypes, including TT (n=20), TC (n=9) and CC 
(n=3), the results of which supported the hypothesis that the 
presence of the minor allele (C) of the rs3746444 polymor-
phism compromised the expression of miR-499a. The present 
study also performed polymerase chain reaction and western 
blot analyses to examine the mRNA and protein expression 
levels of PFGRBR among different genotypes or cells treated 
with different concentrations of miR-499a mimics/inhibitors, 
which indicated the negative regulatory association between 
miR-499a and PDGFRB. The present study also investigated 
the relative viabilities of EGC cells transfected with miR-499a 
mimics (50 and 100 nM) and miR-499a inhibitors (100 nM), 
and confirmed that miR‑499a negatively interfered with the 

viability of the EGC cells. The miR-499a rs3746444 poly-
morphism was also recognized as a biomarker to predict 
recurrence following ESD in patients with EGC via analyzing 
the recurrence-free rates among patients with EGC with 
different genotypes. The results showed that PDGFRB was 
validated as a target of miR-499a, and rs3746444 was identi-
fied as a potential biomarker to predict the recurrence of EGC 
following ESD.

Introduction

Gastric cancer is the second most common malignancy in the 
world; however, the outcome of early gastric cancer (EGC) 
has markedly improved (1). An increasing number of patients 
with EGC receive endoscopic treatment and benefit from an 
improvement in their prognosis; consequently, laparotomy 
is avoided and an improved quality of life is maintained in 
several patients suffering from EGC (2). Endoscopic resection 
as the standard therapy for EGC is widely accepted and regu-
larly used worldwide.

Previously, Ono et al (3) developed an innovational tech-
nique, endoscopic submucosal dissection (ESD), which has 
become a well-accepted technique for the treatment of EGC, 
and pathological examination provided by the ESD method 
enables accurate diagnosis (4). ESD is associated with a good 
prognosis of EGC (5,6), however, multiple EGCs may occur 
following curative resection, with reports demonstrating that 
6-14% of patients with EGC deteriorate (7-9). Consequently, it 
is difficult to determine the optimal follow‑up strategy, which 
aims at identifying recurrences of EGC following ESD, as 
there is no suitable biomarker to predict recurrence.

MicroRNAs (miRNAs) are a group of hairpin-derived 
RNAs consisting of 20-24 nucleotides, which bind to the 
3' untranslated region (3'UTR) of messenger RNA (mRNA), 
resulting in post-transcriptional repression of the expression 
of target genes in disease and normal physiological contexts 
in a broad range of organisms (10,11). Typically, nuclear 
RNase III (Drosha) cleaves the long primary precursors 
(pri-miRNAs) into pre-miRNAs of ~70 nt in length following 
transcription mediated by RNA polymerase II. A stem-loop 
structure is present in the resulting transcripts, which are 
then exported to the cytoplasm, followed by processing by 
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RNase III (Dicer), generating mature double-stranded ~22 nt 
miRNAs (12). The miRNA-target interaction may be altered 
or the maturation process of miRNA may be affected when 
genetic variation occurs in the pre-miRNA sequence. Several 
studies have indicated that the risk of cancer or pre-cancer 
may be increased by the presence of miRNA polymor-
phisms (13); however, few have examined the association 
between cancer susceptibility and miRNA polymorphisms. 
The arm selection of miR-499a or the target selection of 
miRNA may be altered directly by the rs3746444 in the seed 
region of the miR-499a (14).

The present study aimed to investigate the molecular 
mechanism, including the potential regulatory and signaling 
pathways, of platelet-derived growth factor receptor β 
(PDGFRB), which underlies the recurrence of EGC. 
PDGFRB was identified as a target of miR-499a. As the 
expression of PDGFRB has been reported to be associated 
with EGC recurrence following ESD (15), and the rs3746444 
polymorphism may alter the expression of miR-499a, it was 
hypothesized that the presence of rs3746444 may be associ-
ated with the recurrence of EGC following ESD via targeting 
PDGFRB.

Materials and methods

Patients and specimens. A total of 128 patients (84 males 
and 44 females; mean age, 57 years; range, 26-80 years), 
who received ESD for EGC in the Affiliated Hospital of 
Shandong Academy of Medical Sciences (Jinan, China) 
between September 2013 and September 2014, were included 
in the present study. The EGC was defined as adenocarci-
noma confined to the submucosa or mucosa of the stomach. 
Patients who had received ESD or multiple ESDs previously 
were excluded from the investigation. Peripheral blood was 
collected from all 128 patients, tissue samples (~0.5 cm) were 
available from 32 patients for RNA extraction and western 
blot analysis. The duration between the first dose of ESD and 
the final dose was defined as the follow‑up period. Following 
the first dose of ESD, patients received follow‑up ESDs up to 
42 months. Patient clinical information, including age, gender, 
smoking history, body mass index, tumor location, grade of 
gastric atrophy, tumor differentiation and Helicobacter pylori 
infection status at the time of first dose of ESD, were obtained 
based on medical records. All subjects signed written 
informed consent prior to enrollment, and the study protocol 
was approved by the Ethics Committee of Shandong Academy 
of Medical Sciences. The principles of the declaration of 
Helsinki were complied with in the present study.

Polymorphism genotyping. Genomic DNA was extracted and 
purified from the whole‑blood samples with a QIAamp DNA 
midi kit (Qiagen Sciences, Inc., Germantown, MD, USA). The 
TaqMan real-time polymerase chain reaction (PCR) method 
and the ABI PRISM 7500 sequence detection system (Applied 
Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) were used to analyze the genotypes of miR-499a T>C 
(rs3746444) in a 96-well format primer used was 5'-AAA CAU 
CAC UGC AAG UCU UAA-3'. The PCR analysis was performed 
using 10 µl reaction mixture of ddH2O, 0.25 µl primer/probe 
mixture, 5 µl TaqMan Universal PCR Master mix (Applied 

Biosystems; Thermo Fisher Scientific, Inc.) and 20 ng DNA 
using the following thermocycling conditions: 94˚C or 10 min, 
followed by 40 cycles at 94˚C for 20 sec and 60˚C for 45 sec. 
In order to determine the genotype of samples, SDS v1.3.1 
software (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
was used to analyze the allele‑specific fluorescence data in 
each plate.

RNA extraction and stem‑loop reverse transcription‑PCR 
(RT‑PCR) analysis. TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) was used to extract total RNA from the 
32 tissue samples. In brief, the tissue samples were homog-
enized with 1 ml TRIzol reagent, and 0.2 ml chloroform was 
added to extract proteins. Isopropanol (0.5 ml) was added to 
precipitate the RNA. A Nanodrop 1000 spectrophotometer 
(Nanodrop Technologies, Inc.; Thermo Fisher Scientific, 
Inc., Wilmington, DE, USA) was used to determine the 
quantity, purity and concentration of total RNA. A reaction 
mixture comprising a stem-loop RT, SuperScript III Reverse 
Transcriptase (Invitrogen; Thermo Fisher Scientific, Inc.), and 
RT primers for miR-499a and PDGFRB mRNA were used for 
reverse transcription of the total RNA. The following primers 
were used: β‑actin forward, 5'‑GTC ATT CCA AAT ATG AGA 
TGCGT-3' and reverse, 5'-GCA TTA CAT AAT TTA CAC GAA 
AGCA-3', RNU6 forward, 5'-CTC GCT TCG GCA GCACA-3' 
and reverse, 5'-AAC GCT TCA CGA ATT TGCGT-3'. The reac-
tion conditions were as follows: 16˚C for 30 min, followed by 
30 sec at 20˚C, 30 sec at 42˚C, 1 sec at 50˚C for 50 cycles. 
Finally, the reaction mixture was incubated at 85˚C for 5 min 
to inactivate the enzyme. A SYBR Green I assay (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) using the following 
thermocycling conditions: 95˚C for 30 sec, 95˚C at 3 sec for 
40 cycles, 60˚C for 15 sec to detect gene expression. The 
mRNA expression level of PDGFRB and the expression level 
of miR-499a were normalized to that of U6 (2-ΔΔCq) (16).

Cell culture and oligonucleotide transfection. MKN-45 
cells were obtained from American Type Culture Collection 
(Manassas, VA, USA). The cells were cultured in RPMI-1640 
supplemented with streptomycin and penicillin, and FBS 
(Gibco; Thermo Fisher Scientific, Inc.). The miR‑499a mimics 
and inhibitors were synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China), and Lipofectamine 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) was used to perform the trans-
fection, cells were seeded at density of 8x106 cells/well at room 
temperature for 10-15 min. The cells were collected for the 
proliferation assay 24 h following transfection, and at 48 h 
post-transfection, the cells were harvested for the analyses of 
protein, RNA and cell viability. MiRanda (www.microrna.org) 
and TargetScan (www.targetscan.org) were used in the present 
study.

Luciferase reporter assay. The 3'UTR luciferase assay was 
performed using a PsicheckTM-2 Dual-Luciferase miRNA 
target expression vector (Promega Corporation, Madison, WI, 
USA). PCR was performed to amplify the 3'UTR sequence of 
the PDGFRB gene. The cDNA was then amplified by qPCR 
using a SYBR green qPCR kit (Takara Bio, Inc., Tokyo, Japan) 
in a 25 µl with 12.5 µl of 2xSYBR Fast qPCR Mix (Takara 
Bio, Inc.), 2 µl cDNA, 1 µl reverse primer (10 µm), 1 µl of 



MOLECULAR MEDICINE REPORTS  15:  3245-3251,  2017 3247

forward primer (10 µm) and 8.5 µl water without nuclease. 
The amplification was carried out at 98˚C for 60 sec, and 
followed by 30 cycles (98˚C for 30 sec, 58˚C for 30 sec, 72˚C 
for 120 sec) and 72˚C for 5 min. The product was cloned 
into a Psicheck™-2 vector to generate a wild-type reporter. 
A Site-directed gene mutagenesis kit (Beyotime Institute of 
Biotechnology, Shanghai, China) was used to produce the 
mutant reporter, according to the manufacturer's protocol. 
For the luciferase assay, the Psicheck™-2 Dual-Luciferase 
miRNA target expression vector containing the mutant or 
wild-type target sequences were used to co-transfect the 
miR-499a-overexpressing MKN-45 cells using Lipofectamine 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.). At 48 h 
post-transfection, the cells were harvested and lyzed in passive 
lysis buffer (Promega Corporation). The firefly luciferase 
activity was detected in a Steady Glo Luciferase Assay system 
(Promega Corporation) with renilla activity as a control.

Cell viability assays. Following transfection, the cells were 
incubated in 96-well plates at a density of 1x104 MKN-45 cells 
per well. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H‑tet-
razolium bromide was added into each well at a final 
concentration of 20 µl of 5 mg/ml to a final volume of 250 µl, 
and the cells were then incubated at 37˚C for 4 h. DMSO was 
added to dissolve the remaining crystals following removal of 
the culture medium. The absorbance at 570 nm was measured 
using a microplate reader.

Immunoblot analysis. RIPA lysis buffer (Beyotime Institute 
of Biotechnology) was used to extract total proteins from 
the transfected MKN-45 cells or tissue samples according 
to the manufacturer's protocol. A bicinchoninic acid protein 
assay was used to quantify whole cell protein extract. An 
equivalent volume (30 µg per lane) of cell lysate was sepa-
rated in a 10% SDS-PAGE gel and then transferred onto a 
polyvinylidene fluoride membrane. The membranes were 
blocked in TBST supplemented with 5% (w/v) skimmed 
milk at 4˚C for 1 h, following which primary antibodies were 
incubated at 4˚C for 12 h using PDGFRB (cat. no. sc-12910; 
1:500; Santa Cruz Biotechnology, Inc., Dallas, Texas) and β 
actin (cat. no. sc-47778; 1:1,500; Santa Cruz Biotechnology, 
Inc.). The enhanced chemiluminescence reagent (EMD 
Millipore, Billerica, USA) was used to visualize the protein 
bands following incubation at room temperature for 2 h 
with horseradish peroxidase-conjugated secondary antibody 
(cat. no. sc-516086; 1:10,000; Santa Cruz Biotechnology, 
Inc.). The signals on the blots were detected using an ECL 
kit (Amersham ECL detection system; GE Healthcare Life 
Sciences, Chalfont, UK), and the relative density of the 
target bands were analyzed using Image J software (National 
Institutes of Health, Bethesda, MD, USA).

Statistical analysis. The χ2-test was used to analyze the differ-
ences between discrete variables and one-way analysis of 
variance was used to analyze differences between continuous 
variables in each group. The Kaplan-Meier method was used 
to plot recurrence-free curves, which were compared using the 
log rank test. Hazard ratios were calculated using the univar-
iate and multivariate Cox proportional hazard model. P<0.05 
was considered to indicate a statistically significant difference. 

Data are expressed as the mean ± standard deviation. SPSS 18 
(SPSS, Inc., Chicago, IL, USA) was used to perform all statis-
tical analyses.

Results

PDGFRB is a target of miR‑499. PDGFRB has been 
previously reported to be a growth factor receptor, the 
expression level of which affects the recurrence of EGC 
following ESD treatment (17). The present study aimed to 
investigate the molecular mechanism, including the poten-
tial regulatory and signaling pathways, of PDGFRB, which 
underlies the recurrence of EGC following ESD treatment. 
As shown in Fig. 1, online miRNA target prediction tools 
were used to identify the regulatory miRNA of PDGFRB, 
and consequently identified PDGFRB as the candidate target 
gene of miR-499a in gastric cancer cells with the ‘seed 
sequence’ in the 3'UTR of PDGFRB.

Furthermore, to validate the regulatory association 
between miR-449a and PDGFRB, the present study performed 
a luciferase activity reporter assay in gastric cancer cells 
co-transfected with wild-type PDGFRB 3'UTR constructs 
and different concentrations of miR-499a mimics (25, 50 
and 100 nM). To verify PDGFRB as the direct target gene of 
miR-499a, another system transfected with mutant PDGFRB 
3'UTR constructs and miR-499a mimics (100 nM) was 

Figure 1. Identification of PDGFRB as the candidate target gene of miR‑499a 
in gastric cancer cells with the ‘seed sequence’ in the 3'UTR of PDGFRB. 
3'UTR 3' untranslated region; miR, microRNA; PDGFRB, platelet-derived 
growth factor receptor β.

Figure 2. Luciferase activity reporter assay verification of PDGFRB as the 
direct target gene of miR-499a and validation of the regulatory association 
between miR-449a and PDGFRB. Compared with the scramble control, 
the relative luciferase activity of cells transfected with wild-type PDGFRB 
3'UTR constructs decreased as the concentration of miR-499a mimics 
increased, exhibiting a negative regulation in a step-wise manner. The cells 
carrying mutant PDGFRB 3'UTR constructs exhibited comparable relative 
luciferase activity, compared with the scramble controls, indicating PDGFRB 
was the direct target gene of miR-499a, with the binding site located in the 
mutated segment. **P<0.01 vs. control. 3'UTR 3' untranslated region; miR, 
microRNA; PDGFRB, platelet-derived growth factor receptor β.
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examined. As shown in Fig. 2, compared with the scramble 
control, the relative luciferase activity of the cells transfected 
with the wild-type PDGFRB 3'UTR constructs decreased as 
the concentration of miR-499a mimics increased, exhibiting 
a negative regulation in a step-wise manner. By contrast, 
cells carrying mutant PDGFRB 3'UTR constructs exhibited 
a comparable relative luciferase activity index, compared with 
the scramble controls, indicating PDGFRB as the direct target 
gene of miR-499a, with the binding site located in the mutated 
segment.

Expression levels of miR‑499a and PDGFRB vary in different 
genotype groups of the rs3746444 polymorphism. The 
rs3746444 polymorphism has previously been reported to 

interfere with the expression of miR-499, leading to different 
expression levels of miR-499a (18). Among the EGC samples 
collected, as shown in Fig. 3, TT (n=20) showed a markedly 
higher expression level of miR-499a, compared with TC (n=9) 
and CC (n=3), indicating that the presence of minor allele (C) 
of the rs3746444 polymorphism compromised the expression 
of miR-499a.

In the present study, RT-qPCR and western blot analyses 
were also performed to investigate the mRNA and protein 
expression levels of PFGRBR among the different genotypes. 
As shown in Fig. 4, the mRNA and protein expression levels 
of PFGRBR in the TT sample group were markedly lower, 
compared with those in the minor allele TC and CC sample 
groups, indicating the negative regulatory association between 
miR-499a and PDGFRB.

miR‑499a inhibits the expression of PDGFRB. To further 
confirm the hypothesis that a negative regulatory association 
exists between miR-499a and PDGFRB, the present study 
investigated the mRNA and protein expression levels of 
PDGFRB in EGC cells treated with 50 nM miR-499a 
mimics, 100 nM miR-499a mimics and 100 nM miR-499a 
inhibitors. As shown in Fig. 5, the protein (upper panel) 
and mRNA (lower panel) expression levels of PDGFRB in 
EGC cells treated with 50 nM miR-499a mimics appeared 
lower, compared with those in the scramble control, 
whereas those in the sample group treated with 100 nM 
miR-499a mimics were lower, compared with those in the 
50 nM treatment group (Fig. 5A). This confirmed the effect 
of different miR-499a concentrations on the interaction 
between miR-499a and PDGFRB. In addition, the miR-499a 
inhibitor treatment group showed markedly higher protein 
(upper panel) and mRNA (lower panel) expression levels 
of PDGFRB, compared with the scramble controls and the 
miR-499a mimic treatment groups (Fig. 5B), confirming 
the negative regulatory association between miR-499a and 
PDGFRB.

miR‑499a interferes with the viability of EGC cells. As 
shown in Fig. 6, the present study also investigated the rela-
tive viability of EGC cells when transfected with miR-499a 
mimics (50 and 100 nM) and miR-499a inhibitors (100 nM). 
The cells transfected with 100 nM miR-499a inhibitors 
showed increased viability, compared with the scramble 
controls, whereas the cells transfected with 50/100 nM 
miR-499a mimics showed comparably lower viability, indi-
cating that miR-499a negatively interfered with the viability 
of the EGC cells.

miR‑499a rs3746444 polymorphism as a biomarker to predict 
recurrence following ESD in patients with EGC. To investigate 
the association between the rs3746444 polymorphism and the 
risk of recurrence in patients with EGC who have received 
ESD treatment, the present study enrolled 100 patients with 
EGC to observe the time period between ESD treatment 
and EGC recurrence using Cox proportional hazard model 
analysis. As shown in Fig. 7, when the recurrence rate was 
analyzed using the log rank test, the recurrence-free dura-
tion was significantly longer in the TT individuals, compared 
with the TC/CC individuals, indicating that the miR-499a 

Figure 4. Levels of PDGFRB. Reverse transcription-quantitative polymerase 
chain reaction and western blot analyses were performed to examine the 
mRNA and protein expression levels of PDGFRB among different genotypes. 
The mRNA (left) and protein (right) expression levels of PDGFRB in the TT 
sample group were lower, compared with those in the minor allele-carrying 
groups (TC and CC). **P<0.01 vs. control. PDGFRB, platelet-derived growth 
factor receptor β.

Figure 3. Expression levels of miR-499a. TT (n=20) showed higher expres-
sion levels of miR-499a, compared with TC (n=9) and CC (n=3), indicating 
that the presence of minor allele (C) in the rs3746444 polymorphism com-
promised the expression of miR-499a. **P<0.01 vs. control. miR, microRNA.
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rs3746444 polymorphisms may function as a biomarker to 
predict recurrence following ESD in patients with EGC.

Figure 7. Recurrence‑free rates. Recurrence‑free rates were significantly 
longer in the TT genotype, compared with the TC/CC genotypes among the 
100 EGC patients, indicating the miR-499a rs3746444 polymorphism may 
function as a biomarker to predict recurrence following endoscopic submu-
cosal dissection in patients with EGC. **P<0.01 vs. TT group. EGC, early 
gastric cancer.

Figure 5. Confirmation of the negative regulatory association between miR‑499a and PDGFRB. mRNA and protein expression levels of PDGFRB were 
examined in EGC cells treated with 50 nM miR‑499a mimics, 100 nM miR‑499a mimics and 100 nM miR‑499a inhibitors to confirm association between 
miR-499a and PDGFRB. (A) Protein (upper panel) and mRNA (lower panel) levels of PDGFRB in EGC cells treated with 50 nM miR-499a mimics were 
lower, compared with those in the scramble control, whereas those in the 100 nM miR-499a mimic group were lower, compared with those in the 50 nM 
treatment group. (B) Treatment with miR-499a inhibitor led to higher protein (upper panel) and mRNA (lower panel) expression levels of PDGFRB, compared 
with the scramble control and miR-499a mimic treatment groups. **P<0.01 vs. control. PDGFRB, platelet-derived growth factor receptor β; EGC, early gastric 
cancer; miR, microRNA.

Figure 6. Viability of transfected cells. Cells transfected with 100 nM 
miR-499a inhibitors showed upregulated viability, compared with scramble 
controls. Cells transfected with 50 nM/100 nM miR-499a mimics showed 
comparably lower viability. **P<0.01 vs. control. miR, microRNA.

  A   B
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Discussion

For patients with EGC, endoscopic treatment has been used 
as curative therapy, and the prognoses of patients with EGC 
has been improved by endoscopic tumor resection (19-21). 
Although ESD provides accurate histological diagnosis, it also 
enables the endoscopic curative resection of EGCs, however, 
it has strict criteria for small, well-differentiated adenocar-
cinomas with minimal submucosal invasion (22,23). Only 
gastric cancer tissues are excised using endoscopic treatment, 
indicating that gastric carcinoma may recur in the patients 
following ESD. Therefore, a molecular diagnosis, which 
enables the prediction of patients at high risk for recurrence of 
EGC is urgently required (24). It has been demonstrated that 
the severity of gastric atrophy may be predictive in multiple 
types of gastric cancer in previous reports (25,26). Although 
the development of EGC has previously been delineated by 
infection with H. pylori by comparing H. pylori-positive 
patients and H. pylori-naive-negative patients, the risk of EGC 
recurrence was only reduced to one-third when H. pylori was 
eradicated (27).

In the present study, it was found that the miR-499a 
rs3746444 polymorphism may function as a biomarker to 
predict recurrence following ESD in patients with EGC via 
analyzing the recurrence-free rate of patients with EGC with 
different genotypes.

Several investigations have examined the function of 
single nucleotide polymorphisms (SNPs) located in mature 
or precursor miRNAs, and how they affect progression and 
susceptibility in different human diseases. SNPs, which are 
associated with miRNA can have indirect or direct effects. SNP 
miRNA promoters may have indirect effects on transcription, 
and SNPs in mRNA may destroy or create target sites (28). SNPs 
may also have direct effects on mature miRNA, pre-miRNA 
or pri-miRNA, which may enhance or impair the function or 
processing of miRNA (28). It has been previous reported that 
the rs3746444 polymorphism, situated in the seed region of 
pri-miR-499a, may interfere with arm selection during the 
production and processing of mature miRNA, and reduce the 
expression of the miRNA (14). This effect of the polymorphism 
in its host miRNA may lead to altered risks of certain human 
diseases via the downstream signaling pathway or mediators. In 
the present study, the negative regulatory association between 
miR-499a and PDGFRB was established via examining the 
relative luciferase activity in the presence of different concen-
trations of miR-499a mimics. Furthermore, as the rs3746444 
polymorphism has previously been reported to interfere with 
the expression of miR-499a, the present study investigated the 
expression level of different genotypes, including TT (n=20), TC 
(n=9) and CC (n=3), which supported the hypothesis that the 
presence of minor allele (C) of the rs3746444 polymorphism 
compromised the expression of miR-499a. The present study 
also performed RT-qPCR and western blot analyses to inves-
tigate the mRNA and protein expression levels of PFGRBR 
among different genotypes or between cells treated with 
different concentrations of miR-499a mimics/inhibitors. The 
results indicated the negative regulatory association between 
miR-499a and PDGFRB.

PDGFR and its ligand, PDGFm are involved in carcino-
genesis and tumor development. Guo et al (15) found that the 

overexpression of PDGF-B and PDGFR-β correlates with cancer 
progression and the lymphogenous metastasis of gastric carci-
noma (15). The overexpression of PDGFR-α has been observed 
in metastatic medulloblastoma patient samples, compared 
with non-metastatic patient samples, in which the disruption 
of PDGFR-α function inhibited the metastatic potential of 
medulloblastoma cells in vitro (29). Mathey et al (30) also found 
that PDGFR-β may be important as an anti-angiogenic agent 
and has now become a component of the standard treatment of 
ovarian cancer. Furthermore, the expression levels of PDGFR 
are associated with the angiogenesis, invasion and metastasis 
of colon cancer (31‑33). A previous study showed significantly 
increased mRNA levels of PDGFR-β in locally advanced rectal 
tumors, compared with the corresponding normal mucosa (34). 
PDGFR is considered to provide a favorable microenvironment 
for the growth and survival of cancer cells (35,36). In a previous 
study, Gialeli et al (37) found that the PDGF/PDGFR axis is 
of paramount importance in the tumor microenvironment, and 
the inhibition of PDGF receptor activation represents a major 
target for future anticancer therapies. Therefore, the present 
study hypothesized that attenuating the expression of PDGFR 
may inhibit the growth, invasion and metastasis of tumors. The 
present study investigated the relative viabilities of GC cells 
when transfected with miR-499a mimics (50 and 100 nM) and 
miR-499a inhibitors (100 nM), and found that cells transfected 
with 100 nM miR-499a inhibitors showed upregulated viability, 
compared with the scramble control group, whereas cells trans-
fected with 50/100 nM miR-499a mimics showed comparably 
lower viabilities, indicating that miR-499a negatively interfered 
with the viability of the EGC cells.

Taken together, the present study demonstrated that 
patients carrying at least one minor allele of the rs3746444 
polymorphism had a higher recurrence rate, compared with 
those with wild-type following ESD. The rs3746444 polymor-
phism, which may downregulate the expression of miR-499a 
and thereby upregulate the expression of PDGFRB in primary 
EGC, may become a useful biomarker for predicting patients 
at high risk of recurrence following ESD.
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